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1. Abstract
Gases such as ozone (O3), nitrogen dioxide (NO2), and sulfur dioxide (SO2) have impeded visibility and impacted air health in Shenandoah National Park, one of the primary attractions of Virginia. Air quality is considered one of the park’s fundamental resources and is essential to maintaining its significance as a premier park with world-class views. This project utilized NASA Earth observations, including Aura's Ozone Monitoring Instrument (OMI), to monitor ozone and nitrogen dioxide that threaten visibility and plant, animal, water, and human health in the park. Trend maps were created to assess spatial and temporal trends in pollutant species over Shenandoah National Park and the surrounding airshed. A methodology was created to help the National Park Service incorporate remote sensing data into their management decisions related to park health and air quality concerns. In situ station data from Big Meadows monitoring station were used to validate the NASA Earth observations. This information will aid in future decisions related to visitor education and ecological management in accordance with mandates from the Clean Air Act, the National Park Service Organic Act of 1916, and the Wilderness Act.
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[bookmark: _30j0zll]2. Introduction
2.1 [bookmark: _1fob9te][bookmark: _3znysh7]Background Information
Approximately 200,000 acres in area, Virginia’s Shenandoah National Park is well known for the 105-mile road, known as Skyline Drive, which provides visitors with scenic views of the nearby Blue Ridge Mountains (NPS, 2015). Shenandoah is interested in learning about air pollutants with regards to visibility, acidic deposition, and park visitor health (Sullivan et al., 2003). Compared to other national parks, it has higher levels of air pollution leading to concerns for the park’s wildlife and park attendees (NPS, 2007). Poor air quality can impede the park’s goals including ecological integrity, preservation of views as seen from the park, and visitor safety and enjoyment (Sullivan et al., 2003).

Atmospheric pollutants including ozone (O3), sulfur dioxide (SO2), and nitrogen dioxide (NO2) contribute to poor air quality and can have negative effects on the environment. Ground-level ozone is harmful to both human and plant life. In humans, it can cause eye, nose, and lung irritation, along with breathing issues. For sensitive plants, ground-level ozone at 8 to 12 parts per million can be damaging (NPS, 2007). Ozone is created by the splitting of oxygen molecules that then re-bond with a non-split molecule, a precursor of which is NO2 (Venkanna et al., 2015). Increased levels of NO2 have been linked to cardiovascular and respiratory problems, including impairment of lung function growth in children and asthma prevalence (Faustini et al., 2014; Greenberg et al., 2017). Sulfur dioxide is the primary cause of acid rain which affects flora, wildlife, and building materials (Smith et al., 2001). Further, aerosol forms of sulfur dioxide impair visibility and affect human health, similar to other atmospheric pollutants (Adon et al., 2010).

The Clean Air Act requires that parks monitor visibility and identify harm caused by manmade pollution (NPS, 2015). Since 1981, Shenandoah has been monitoring precipitation amounts, pH levels in the soil and water, and ammonium in the atmosphere at its Big Meadows station, located in the central district of the park. In 1983, the park began recording ground-level ozone, sulfur dioxide, and nitric acid and continues to record various atmospheric parameters weekly, hourly, and by the minute (NPS, 2015). To add to the current air quality monitoring in the park, this project utilized the Ozone Monitoring Instrument (OMI) aboard NASA’s Aura satellite and compared its measurements to the data collected at Big Meadows. OMI provides daily global coverage and measures various atmospheric parameters at a resolution of 0.25 degree by 0.25 degree (NASA Goddard, n.d.).

Combining remote sensing and ground-level measurements to address health and air quality, as done in this project, is becoming more common. Before 2009, satellite data had not been used to address National Ambient Air Quality Standards (NAAQS), which were established under the Clean Air Act amendments of 1990. Satellites had instrumentation capable of tracking air pollutants, such as the OMI sensor, but these instruments had not been used to corroborate data obtained by ground level sites (Hoff & Christopher, 2009). Other instruments on Aura, such as TES (Tropospheric Emissions Spectrometer), have been used alongside various monitoring stations in North America to analyze patterns of emission spread and locate possible sources of atmospheric pollution (Zhu, 2015).

Initially, the study area included only Shenandoah National Park in Virginia. After assessing the spatial resolution available from OMI and air pollution transportation characteristics, the study area was expanded to include a significant portion of the Chesapeake Bay airshed (Figure 1). Park scientists are concerned about air transport of atmospheric pollution. Ohio, Pennsylvania, West Virginia, Kentucky, and Virginia were included in this new, larger study area because they have been identified as the most important contributors of air pollution in the park (NPS, 2007). With this larger study area, it became possible to account for transport and mixing of airborne pollutants and to identify the locations of possible pollutant sources affecting the park, over the study period of 2005 to 2016.
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Figure 1. Study area maps depicting Virginia’s Shenandoah National Park and the Chesapeake Bay airshed.

2.2 Project Partners & Objectives
This project collaborated with Shenandoah National Park and the National Park Service’s Air Resources Division. Primary concerns from the partners included air quality, visibility of scenic views, the health of visitors and inhabitants of the park, as well as park attendance. The overall objectives of this project were to identify trends between remotely sensed datasets and data measured at Shenandoah, to analyze the data monthly and annually, and to create a methodology to visualize data over time. The results of this project provided Shenandoah National Park with information regarding air pollutants and pollutant sources in the airshed surrounding Shenandoah.
[bookmark: _2et92p0]3. Methodology
3.1 Data Acquisition 
Gridded level 3 atmospheric data from January 2005 to December 2016 taken by Aura’s Ozone Monitoring Instrument and obtained through the Goddard Earth Sciences Data and Information Services Center (GES DISC). The OMI data for ozone and SO2 were given in Dobson Units (DU). Data for NO2 were in molecules/cm2. 

Table 1.
List of satellite data products used to create maps and correlation graphs
	Parameter
	Data Product
	Atmospheric Layer Measured
	Study Area Timeframe

	Ozone (O3)
	OMDOAO3e OMI/Aura Ozone (O3) DOAS Total Column Daily L3 Global 0.25deg Lat/Lon Grid
	Total column
	2005 - 2013, 2015 - 2016

	Nitrogen Dioxide (NO2)
	OMNO2d OMI/Aura NO2 Cloud-Screened Total and Tropospheric Column Daily L3 Global 0.25deg Lat/Lon Grid
	Total column
 & 
Tropospheric
	2005 - 2016

	Sulfur Dioxide (SO2)
	OMSO2e OMI/Aura Sulfur Dioxide (SO2) DOAS Total Column Daily L3 Global 0.25deg Lat/Lon Grid
	Total column
	2005 - 2007, 2009 - 2016



In situ data were obtained from the Big Meadows monitoring station in Shenandoah National Park. Big Meadows station data included weekly measurements for SO2 particulates and hourly measurements of ozone concentrations collected through the EPA’s Clean Air Status and Trends Network (CASTNET). No in situ data were available for NO2. Data provided by the monitoring station were given in parts per billion (ppb).

3.2 Data Processing
For ozone, NO2, and SO2 data products, a python script using ArcPy was created to separate the correct sub-dataset containing the corresponding total column or tropospheric values from within the ‘.he5’ files. The daily OMI data were projected to WGS 1984 to ensure that comparison between scenes would be possible. Daily values were averaged into monthly values and saved in ‘.tif’ files to be used within ArcGIS. Finally, each raster was masked to the study area (Figure 2). This process was done for each month between 2005 and 2016, excluding 2014. The data values for 2014 were significantly lower than other years in the study period, resulting in a skewed data set. In order to generate maps that accurately represented the data, 2014 was omitted from any calculations (Table 1).

As there were no in situ data for NO2 at Big Meadows, both tropospheric and total column NO2 data were used for this project to see if there was any correlation between the two datasets. We hypothesized that tropospheric NO2 could be used as a measure of the pollutants close to the monitoring station at Big Meadows. All years from 2005 to 2016 were included for both tropospheric and total column NO2 (Table 1). 

After initial processing of the SO2 data using the methods explained, it was discovered that the Level 3 SO2 files obtained had incorrect latitude values, which had been inverted and needed correction. A new script was created to include a latitude inversion, and processing of SO2 resumed with the correct spatial parameters. All years for the study period were included in the SO2 data except 2008 (Table 1). The data values for 2008 were significantly higher than other years in the study period and if included resulted in a skewed data set. 

Big Meadows in situ monitoring data were filtered using Microsoft Excel to select measurements when OMI was sensing the park area. This overlap generally occurred at 1:00 pm Eastern Standard Time (EST), however occasionally measurements from within an hour of the overpass time were used to account for missed measurements at 1:00 pm. Of the 4,383 total daily observations, only 101 values were not taken at 1:00pm EST. These data from 2005 to 2016 were averaged by month to use for comparison and correlation analysis with the remote sensing data. 

[image: ]
Figure 2. Progression of daily Level 3 tropospheric NO2 OMI data to processed monthly averages

3.3 Data Analysis 
For analysis, the project compared different atmospheric parameters between the in situ data and the satellite data obtained by OMI. OMI data selected for final analysis were from nine pixels over and surrounding the park, not the entire airshed. This provided analysis that is more applicable to the park and relatable to management decisions. Linear correlations were conducted to compare tropospheric NO2 to total column NO2, total column SO2 to in situ SO2, and total column ozone with in situ ozone. Graphs to compare in situ data to OMI data were created despite the different unit measurements. The correlation graphs were used to analyze any comparable trends between remotely sensed and ground level data.

OMI total column ozone data and Big Meadows ground level ozone data were processed into monthly averages. A direct comparison between the two datasets was not possible, as they were measured in different units. The OMI data were in Dobson Units and the in situ data were in parts per billion, which are not comparable. Instead, a trend analysis was performed by creating a graph including the averages from both sensors. Maps depicting monthly ozone averages were also created using the spatially referenced OMI data. 

NO2 measurements are not recorded at Big Meadows, so a comparison of satellite data from OMI to in situ data for NO2 was not possible. Instead, a comparison between total column NO2 and tropospheric NO2 was performed. Maps were created representing the monthly average values for both tropospheric and total column NO2, and graphs showing a comparison of the trends were also created.

Similar analysis was performed on SO2 data. However, rather than representing on a map the monthly average values recorded by OMI, the monthly maximum was used. This ensured that high values were visible in the resulting map graphics, rather than hidden in the mass of data. For the comparison between satellite and in situ SO2 data, a graph representing the monthly averages was created.
[bookmark: _tyjcwt]4. Results & Discussion
[bookmark: _3dy6vkm]4.1 Analysis of Results
4.1.1 Ozone
[bookmark: _1t3h5sf]There was not a significant correlation (R2 = 0.0004) between the in situ data and the satellite observations for ozone (Figures 3 & 4). This is likely because the project used total column ozone data for its analysis. Acquisition of tropospheric ozone residuals may improve the correlation with the ground level data, given the atmospheric dynamics of ozone. Within the total column measurements, the majority of ozone is located in the stratosphere, which would not correlate with ground level observations (Wayne, 1993). A tropospheric ozone residual product is available through a research team at NASA Goddard Space Flight Center, but was not accessed during the timeframe for this project. Although there was no significant annual variation detected, the ozone data collected did exhibit cyclical and seasonal trends. High values were found each year during the study period during the fall months. During the study period, the month with the highest ozone level each year was August, September, or October (Figure 5). Ozone trend maps illustrated higher levels of concentration in the summer and fall months, and a decrease in the winter months (Figure 6). The maps reiterated the cyclical nature of ozone levels that the graphical analysis showed. They also did not illustrate a noticeable decrease over time, similar to the graphical analysis.


Figure 3. Comparison of OMI total column ozone with in situ data.


Figure 4. Correlation analysis of OMI total column ozone versus in situ measurements.

[bookmark: _4d34og8]

[bookmark: _oyn5l7xe10a]Figure 5. Graph of monthly ozone in situ data.
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Figure 6. Monthly variation in total column ozone shown through January and September 2016 monthly averages

[bookmark: _17dp8vu]
[bookmark: _3rdcrjn]4.1.2 Nitrogen Dioxide
Upon analysis of the linear correlation graphs, the only strong relationship (R=0.9736) found was between the tropospheric NO2 and total column NO2 (Figure 7). The graph of tropospheric versus total column NO2 indicates the overall amount of NO2 has been decreasing since 2005 by approximately 28 percent. The trend lines are near parallel; this is likely because of the total column being driven by tropospheric NO2 (Figure 8). When comparing the maximum values of the tropospheric NO2 to the average values of the tropospheric NO2, the decrease over the study period appears more dramatically than only looking at average values. It shows that the days with very high levels of NO2 have decreased over the study period of 2005 to 2016 (Figure 9). Trend maps identified high concentrations of NO2 over large cities, such as New York City and Pittsburgh, and in regions such as the Ohio River Valley. The trend maps showed a visible decrease in NO2 levels from the beginning of the study period (2005) to the end (2016). Levels of NO2 were higher in winter months because of photochemical decomposition. Winter levels were consistently higher than summer levels, and decreased over time throughout the study period (Figure 10).

[bookmark: _y30pl055jwng]
[bookmark: _26in1rg]
[bookmark: _ughj2kyd2a3c]Figure 7. Correlation graph for total column and tropospheric NO2 values.



Figure 8. Comparison graph of OMI total column to tropospheric for NO2.
[bookmark: _lnxbz9]

Figure 9. Maximum and average values for OMI tropospheric NO2 data between 2005 and 2016.
[bookmark: _35nkun2][bookmark: _1ksv4uv]
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Figure 10. Average tropospheric NO2 for January 2005 and January 2016 (Note: blue values are low, orange values are high).









4.1.3 Sulfur Dioxide
There was no distinct pattern identified with SO2 (Figure 11). Any decrease that might have occurred was not picked up by our analysis, likely because of changes in pollution control since the original Clean Air Act and other state and national legislation. The detection level for SO2 from the OMI sensor is not sensitive enough for the low levels of SO2 in the study area during this study period. These results are positive for Shenandoah because they imply the levels of SO2 around the park are so low they are not easily detected by remote sensing. Trend maps did not illustrate distinguishable patterns in SO2 levels as were shown in NO2. However, lower values do appear more often in the later years of the study period than in the earlier years (Figure 12). This was likely because of similar issues from the graph comparison analysis regarding the low detection levels of the OMI sensor for SO2 data.
[bookmark: _44sinio]

Figure 11. Comparison graph of OMI total column SO2 to in situ data.
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Figure 12. Annual maximum values of total column SO2 in 2005 and 2016


4.2 Future Work
Due to time constraints for this project, a limited number of atmospheric parameters were considered. The pollutants analyzed in this project include only a sampling of the partners’ concerns for air quality in the park and does not address visibility concerns. Data for alternate parameters can be found using NASA Earth observation resources and could be pursued in the future such as methane, formaldehyde, carbon dioxide, and ammonia.

This project could be improved by finer spatial resolution data. Future NASA Earth observation technologies, such as the TEMPO (Tropospheric Emissions: Monitoring Pollution) instrument, will provide this. TEMPO will track hourly measurements of tropospheric air pollutants over North America at a scale 50 times better than what is currently available with the OMI sensor.

The second term will focus on parameters affecting visibility, such as smog, aerosols, and other atmospheric pollutants not addressed by this project. The methodology created by this project could be used to assess other atmospheric compounds that can be monitored by additional sensors aboard NASA’s Earth observing satellites. Tropospheric ozone residuals could be considered as it may better relate to the in situ data obtained from Big Meadows than total column ozone.
[bookmark: _2jxsxqh]5. Conclusions
Based upon available data, total column ozone follows a cyclical pattern which is consistent across both OMI data and in situ data. Generally, our analysis of ozone showed high levels in the summer months and low levels in the winter months. NO2 concentration levels have decreased over time, which likely can be attributed to measures towards emission control to meet the NAAQS. There was no visible decrease in SO2 satellite data due to the low detection limit of OMI. There was also no decrease for the in situ SO2. While improvement in air quality can be identified with remote sensing, it is still vital for greater actions to take place to ensure healthy environments both for national park visitors and for the flora and fauna inside the parks. Higher concentrations of total column ozone during the late summer and early autumn months indicates a greater level of protection from harmful ultraviolet rays during the park’s busiest time of year.

Data regarding atmospheric parameters were requested by Shenandoah National Park to help identify air quality trends in pollutants such as ozone, nitrogen dioxide, and sulfur dioxide. In addition to utilizing data collected by Shenandoah from their single monitoring station at Big Meadows, the project utilized remote sensing to expand the study area and provide a more regional view of pollutant sources and transport. Understanding potential pollutant sources for Shenandoah can help park policymakers plan for the future, and can also enable park employees to warn visitors of days with a higher concentration of pollutants. Keeping the park’s air clean can help preserve and promote pristine views, healthy plants and animals, and high park attendance for years to come. 
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[bookmark: _3j2qqm3]7. Glossary
Acid Deposition – The accumulation of acid in soil, plants or the tissue of animals; main contribution is from acid rain
AIRS – Atmospheric Infrared Sounder, sensor aboard the Aqua satellite
Ammonia (NH3) – Used in fertilizers, cleaners and in food preservation in smaller quantities. Concerns are found in the contribution to nutrient runoff after dry deposition occurs
Ammonium (NH4+) – Created when ammonia is charged with a positive hydrogen ion. Commonly found after digestion in fish and animals
Aqua – NASA satellite launched in 2002 as part of the Earth Observation Series
ArcGIS – Program used for Geographic Information Systems, takes raw data points from observations and applies data to maps for various types of analysis
Aura – NASA satellite launched in 2004 as part of the Earth Observation Series
Carbon Monoxide (CO) – Formed when not enough oxygen is present to create the more popular carbon dioxide, CO2; can be found with incomplete combustion of carbon-based fuel such as ethanol, methane, or propane
Clean Air Act – The Clean Air Act is a government act first enacted in 1963 to promote public health by limiting the release of airborne particles. The amendment of 1977 expanded the reach of the act to National Parks and included visibility measurements. The amendment of 1990 expanded the concerns to specific air pollutants such as ozone, nitrogen oxides, particulate matter, and sulfur oxides.
Dobson Unit – A unit of thickness, in units of 10µm, to determine the abundance of an atmospheric parameter, typically used for ozone.
Earth observations (EO) – Satellites and sensors that collect information about the Earth’s physical, chemical, and biological systems over space and time
HE5 files – Hierarchical Data Format (also HDF) version 5; a data format used by government and non-government organizations for data that can be accessed and utilized by common scripting programs
Level 3 Data – Geospatially referenced data from NASA satellites
NASA – National Aeronautics and Space Administration
National Park Service Organic Act – Government act first enacted in 1916 for the formation of the National Park Service
Nitrogen Dioxide (NO2) – Found by the formation of nitrogen gas, N2, and oxygen gas, O2; highly reactive to other compounds, can be found by incomplete combustion for gasoline-based vehicles
OMI – Ozone Monitoring Instrument, sensor aboard the Aura satellite
Ozone (O3) – Comprised of three oxygen atoms, caused by the breakdown of oxygen gas in the upper atmosphere and blocks harmful ultraviolet rays; at lower atmosphere, ozone breaks down protective tissues and membranes of organisms, making them vulnerable
pH (Potential of hydrogen) – Unit of measure for how basic or acidic a solution is with seven meaning ‘neutral’, lower numbers being ‘acidic’, and higher numbers being ‘basic’
Remote Sensing – Gathering data of an object(s) without making direct contact
Sulfur Dioxide (SO2) – Formed after incomplete combustion of sulfur-based compounds such as coal and then combined with oxygen gas; can lead to the formation of sulfuric acid, H2SO4, which is better known as ‘acid rain’
TES – Tropospheric Emission Spectrometer, sensor aboard the Aura satellite
TIF files - Also known as TIFF files. Tagged Image File Format; a computer file format used as a raster for storing graphics with values for each pixel generated
Wilderness Act – Government act first enacted in 1964 that defined ‘wilderness’ and preserved 9.1 million acres of federal land to be protected by the federal government
WGS 1984 – Standard coordinate system for the Earth, established in 1984, the system has its origin point at the center of the earth
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NO2 Total Column (molecules/cm2)



Annual Averages NO2

Total Column	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	7456817914244847	6092842039998328	6000117440752298	5426493498152277	5349087002667691	5870439206853017	5213666370650112	5041005819802419	5210230128377855	5398079173400985	5061105125897012	5069914135138577	Tropospheric	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	4880395420460647	3623549333790174	3511623766717234.5	2897428481468006.5	2782687209892523	3440158721511696.5	2604444502353510.5	2540829009842448.5	2659946125520623	2872833752222925.5	2669015858850475	2477534677705250.5	Year


Molecules/cm2




Tropospheric NO2 Concentrations

OMI Max	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	39083	39114	39142	39173	39203	39234	39264	39295	39326	39356	39387	39417	39448	39479	39508	39539	39569	39600	39630	39661	39692	39722	39753	39783	39814	39845	39873	39904	39934	39965	39995	40026	40057	40087	40118	40148	40179	40210	40238	40269	40299	40330	40360	40391	40422	40452	40483	40513	40544	40575	40603	40634	40664	40695	40725	40756	40787	40817	40848	40878	40909	40940	40969	41000	41030	41061	41091	41122	41153	41183	41214	41244	41275	41306	41334	41365	41395	41426	41456	41487	41518	41548	41579	41609	41640	41671	41699	41730	41760	41791	41821	41852	41883	41913	41944	41974	42005	42036	42064	42095	42125	42156	42186	42217	42248	42278	42309	42339	42370	42401	42430	42461	42491	42522	42552	42583	42614	42644	42675	42705	7.323772520832696E+16	3.55411612498133E+16	2.2557721000882996E+16	1.016311448684462E+16	5084965085223322	5578025210164019	3178096349937664	3175053231390720	3077540454963609.5	1.829275791691612E+16	1.1356707856423322E+16	2.1698478863076556E+16	5.1536614818788144E+16	2.3235889250225356E+16	2.0858479896743116E+16	7013489340894413	4279262345428992	3242176913027891	3267048531768115	3966811178742579	3950421395636224	1.0664897395084492E+16	1.6718942527972966E+16	1.1676593530968474E+16	1.8211385573900288E+16	3.5633705983882036E+16	1.1947302259471156E+16	8049068286672896	4727072144490496	3154938315774361.5	3551653304834457.5	3248903663963341	3470725195654758.5	5757013945692979	1.8229114876775628E+16	3.45746477940736E+16	1.4585599683985408E+16	1.9812347518386176E+16	1.2951119653660262E+16	5854332213788672	3179738020655923	3785637338336461	3778617898801561.5	3244648666706739	2975245930384589	7437278595828941	1.4228471166900634E+16	2.6066260028135832E+16	1.1653807440973004E+16	1.233316190659543E+16	8492108980892467	6009117090617754	3009853649426841.5	4063373801029632	3281379710205952	4519912906371891	3013737266230067	9616800928183092	1.1210577123947316E+16	2.6105116167766016E+16	1.5645498559954944E+16	3.090323630551204E+16	7375185179888845	4402607417406259	5543058458699366	3461052231371981	2845929055348326.5	2846971068101427	3437715311820800	9336318249979084	9313565875476890	1.7732146358439116E+16	1.067901296616407E+16	8938372564883866	6189973922172109	4631830197803418	2910598914795110.5	3520164859478016	2486320785208115	3180707690053632	5090110992914842	6450557721614746	3.1815573902773452E+16	1.5025340715892736E+16	1.3615956431890022E+16	1.4595129303734682E+16	6308158590943232	5272306780523725	3706813132308480	2490649951181209.5	3976047049572352	3639763297265254.5	4776932097707213	6030512792325325	6847913197672858	1.0784135673020416E+16	8519987398862438	1.314095527540818E+16	7482128523381965	5649385850195149	3211154310561792	2359294362543718.5	2640102169772032	3692826705526784	2764117256647475	6285096656673178	1.5369365878315418E+16	1.0894397630368972E+16	1.4754639449895732E+16	2.7491116931822388E+16	1.0017676639967642E+16	3906828417105920	1943673920657817.5	2165743110900940.7	2457385644222054.5	3036833184428851	3253949888148275	5657498130736742	1.4436989574263604E+16	1.3547918459089716E+16	1.2482401390087372E+16	1.3251374804369408E+16	7051358711788339	5211380334041498	2452170225169203	2526664969945088	2743641402716979	3049910178729165	2687112143752397	4210414127048294.5	8313969843581747	1.177657483984896E+16	1.163707918760018E+16	1.4755528293377638E+16	4894720179935642	4991545681064755	2999364104486912	2225389643707187.2	3661858649145344	2560664293448089.5	2857133980778496	4146374258773197	2.0067628563300352E+16	1.2808342055839334E+16	OMI Avg	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	39083	39114	39142	39173	39203	39234	39264	39295	39326	39356	39387	39417	39448	39479	39508	39539	39569	39600	39630	39661	39692	39722	39753	39783	39814	39845	39873	39904	39934	39965	39995	40026	40057	40087	40118	40148	40179	40210	40238	40269	40299	40330	40360	40391	40422	40452	40483	40513	40544	40575	40603	40634	40664	40695	40725	40756	40787	40817	40848	40878	40909	40940	40969	41000	41030	41061	41091	41122	41153	41183	41214	41244	41275	41306	41334	41365	41395	41426	41456	41487	41518	41548	41579	41609	41640	41671	41699	41730	41760	41791	41821	41852	41883	41913	41944	41974	42005	42036	42064	42095	42125	42156	42186	42217	42248	42278	42309	42339	42370	42401	42430	42461	42491	42522	42552	42583	42614	42644	42675	42705	9545491908290150	9549011687676314	6239537844767949	4868287743236506	1564479928559206.5	2194862546249318.5	1405502613356544	1647116817321164.7	1800396589970227.2	5927654821724160	4270344382709760	9552058161666458	6374359820979405	6889441343832064	4735388033325466	3086625411380019	1843448858961510.5	1635449525239808	1556361017661849.5	1680105816876646.5	1749176715889868.7	3423131857741414.5	5792514964245709	4716588639348326	5189569147935130	7778658273145651	3832130748547072	3196317775534489.5	1636566095940812.7	1282150052030054.5	1522741637703270.5	1727433027878912	1637125461744025.5	2726490873528320	5889686559208243	5720615547410842	4266780338316902.5	5252422263059251	3428144755664486.5	2320592197491097.5	1193460024265932.7	1093963308492390.4	1577735848512716.7	1492619367756595.2	1619516511905382.5	2644488794354483	4934487738469581	4944930629327258	3901367393032601.5	4014045350015795	3241123035427635	2317816199066419	797789296105881.62	1152515335992115.2	1366781194770841.5	1610418469260492.7	1619053675492147.2	2514086272381747	3906980136825651	6950270160338944	6259990586405683	1.010596812161024E+16	3782775534518272	1801425060154572.7	1130727013875712	1354948472628838.5	1447674454317465.5	1481614990455603.2	1755064981834956.7	3505638877429760	2810485629622681.5	5845590935286579	4620794869894349	3429925663853773	2717700686086144	1886835920653516.7	1133768125867622.5	1093186597211340.7	1337752920103321.5	1671590896572825.5	1528017575529676.7	2973628392013824	4957728101787238	3902404278668493	3988822215045939	3354024813894041.5	2266558502430310.5	2148079883413094.5	1452233146027212.7	1221633660839526.5	1687404053476147.2	1696723072188416	1610240644192665.5	2723634720276480	3206633213237657.5	5133960193087898	3946393360557670.5	3884241237783347	3420903923987251	2225846775866982.5	1390844668438118.5	1014411031687987.2	1277666609489510.5	1299648809114009.5	1415835418833715.2	3006961485558579	4528405130457907	4508195054472397	4405231105553203	5840853532672000	3558420025809305.5	1844022465265664	949750426553548.75	978281679552512	1140634040454348.7	1197031866708787.2	1556959642150502.5	3139264074219520	4975140382389043	4888415785346662	5150885236493517	6125448695749018	2937457680685465.5	2333147232468992	1161870606912716.7	1007854233950617.6	1036624253576806.4	1392423350776627.2	1566683005190144	2615792265645261	2775999082345267	3924004662411264	3571705943425024	5224394594975744	2183014691058483.2	2023550152081408	1150089310293196.7	820323845301862.37	1559277461517107.2	1226706621195878.5	1511187773023846.5	1849437439236505.5	3987784094606950.5	4622944205746995	OMI Min	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	39083	39114	39142	39173	39203	39234	39264	39295	39326	39356	39387	39417	39448	39479	39508	39539	39569	39600	39630	39661	39692	39722	39753	39783	39814	39845	39873	39904	39934	39965	39995	40026	40057	40087	40118	40148	40179	40210	40238	40269	40299	40330	40360	40391	40422	40452	40483	40513	40544	40575	40603	40634	40664	40695	40725	40756	40787	40817	40848	40878	40909	40940	40969	41000	41030	41061	41091	41122	41153	41183	41214	41244	41275	41306	41334	41365	41395	41426	41456	41487	41518	41548	41579	41609	41640	41671	41699	41730	41760	41791	41821	41852	41883	41913	41944	41974	42005	42036	42064	42095	42125	42156	42186	42217	42248	42278	42309	42339	42370	42401	42430	42461	42491	42522	42552	42583	42614	42644	42675	42705	-8464874808016896	444149037373849.62	1753376616769126.5	1147016214216704	-189346484322304	45831570010931.203	-213456295611596.81	68506276069376	266589752524800	818156782642790.37	-2655799614216601.5	-2288936285319987	-1071037860229939.2	1229107528466432	394666553901056	679671271050444.75	-232802616344576	-195126054197657.59	166836114450022.41	261812427685888	403953680803430.37	-687074314918297.62	-1454149488292659.2	-1188753517523763.2	-3426487572732313.5	-2300495835797913.5	309085603050291.19	775334089719808	16076340251852.801	-465364419661004.81	22546325962752	320701286318080	-226736185278464	700746374001459.25	-1446923767853875.2	-1898361647005696	-970161594669465.62	-1580551468010700.7	158464159200051.19	86517669901107.203	-712096578378137.62	-602755583233228.75	-51059973370675.203	25577082637516.801	-149444991805030.41	-212477874379161.59	-991280840992358.37	509686760393932.81	-2955701040814489.5	508974835485900.81	-38130379076403.203	-136092372592230.41	-603274216892006.37	-238581801864396.81	-75501858822553.594	438309821297459.19	-118278423209574.41	-548895594014310.37	-333658588604006.37	532203618854502.37	1009536529019699.2	1493472589853491.2	1186029059755212.7	-32509991583744	-308444724304281.62	180452311200563.19	44676692207206.398	-27231455386009.602	587944896443187.25	1303911262165401.5	-5271876713368781	-1959447094099968	-26148515872768	206205367615488	-384339714192179.19	-1056600219451392	-604140926192844.75	-308543312127590.37	-100680947728384	221557661315891.19	89084496183296	127603880178483.2	631677610727833.62	163793085870899.19	-484758503450214.37	161409882338099.19	-345003822940160	294173846955622.37	-113362421415936	-270102161679974.41	356719218026086.37	-119357166164377.59	181260402452070.41	316604495691776	-983042589248716.75	353999153581260.81	720461537214464	864326441657958.37	-428525550252851.19	123940625815961.59	-76228667952332.797	-433497729033830.37	-370134845856153.62	-71249081663488	-94154860265472	381883363046195.19	862568282954137.62	358946301385113.62	356032747615027.19	852235037913907.25	-1465702983034470.5	270706364173516.81	-372644869937561.62	-106596775703347.2	-261107608033689.59	-39216108430950.398	-26706257641472	458075283442892.81	1245457374668390.5	636151391269683.25	1819349327701606.5	585001246654464	-96349295555379.203	-42756117574451.203	-412039349325004.81	-337694059344691.19	-264287065368166.41	73793601168998.406	228668882288640	701218438722355.25	-1564930674471731.2	-2570274052925030.5	-123965596290252.8	408814580504985.62	-874557665705984	-467828498182963.19	-421648127334809.62	-551790172962816	-614420115777126.37	-54884590891827.203	171217961195929.59	167002865972019.19	294536187006156.81	174263223766220.81	
NO2 Concentration (molecules/cm2)




SO2 Concentration Comparison
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